Summary.
The fine structure of the nerve endings in the glabrous skin of the mole snout (Eimer's organ) were studied by light and electron microscopy.
There are three types of nerve endings in the mole snout skin: free nerve endings, Merkel cells and encapsulated endings.
1. When nerve fibers enter the epidermis, they lose their myelin sheath. Golgi apparatus, but their chemical nature is unknown. The axon which contains numerous mitochondria and vesicles lies in very close apposition to the Merkel cell. 3. Encapsulated nerve endings are present in the dermis. The endings forming specialized corpuscles are composed of a centrally situated axon surrounded by closely packed cytoplasmic lamellae of the lamellar cells, which lie bilaterally. Therefore, the lamellae are gathered into two opposite groups separated by a cleft which may serve as a metabolic route.
4. The common characteristics among the above three types of nerve endings are the accumulation of mitochondria and the presence of numerous vesicles in the axon. It is possible that they may act in the same way in each axon, transducing the mechanical or chemical stimuli into the nerve excitation.
It has been reported that numerous nerve endings are concentrated in the snout skin of the mole (ARMSTRONG and QUILLIAM, 1961) . In all probability the mole, being without vision, needs exquisitely sensitive tactile receptors. EIMER (1871) described the arrangement of intraepidermal axons ensheathed in a large rete peg in the glabrous skin of the mole. This large rete peg has been referred to as Eimer's organ. This organ has often been used by many investigators as a test system for the study of intraepidermal innervation.
On the other hand, MERKEL (1875) then described specialized epidermal cells, which he termed Tastzellen near the base of the rete peg in the snout skin of the mole. Nowadays the term Merkel cell is used frequently in histological literature.
Axons are always associated with Merkel cells, both of which compose a unit complex as a specialized tactile receptor in the epidermis. Moreover, the presence of encapsulated nerve endings like the Pacinian corpuscles in the deep aspect of Eimer's organ has been reported by ARMSTRONG and QUILLIAM (1961) . However, the fine structure of these nerve endings and receptor cells in the snout skin of this peculiar animal has not been reported, except for CORDIER's short 35 report (1964) . The present study was undertaken in an attempt to clarify the fine structures of these nerve endings as well as the Merkel cells in the mole skin.
Materials and Methods
The snout skin of six moles captured in the fields of Gunma Prefecture was removed without anesthesia. Part of the tissue was prepared for light microscopy by fixation in 10% neutral formalin and were processed for paraffin embedding. The sections were stained with hematoxylin and eosin or treated with silver impregnation of Bodian modified by OTSUKA (1962).
For electron microscopy small pieces of skin were fixed in a mixture of glutarspecimens were dehydrated through a series of increasing concentrations of ethanol and then embedded in Epon 812 according to LUFT (1961) . Thin sections were cut on a Porter-Blum MT-2 microtome and doubly stained with uranyl acetate and lead citrate in a specially made nitrogen chamber and examined with a Hitachi-11D electron microscope.
Results

A. Light Microscopic Observations
The epidermis of the snout skin of the mole is organized into clearly circumscribed rete pegs. These rete pegs extend cylindrically into the dermis and bulge hemispherically on the skin surface (Fig. 1) In the basal portion of Eimer's organ, elliptical clear cells with large nuclei are often observed. The long axis of the cell is parallel to the plane of the dermoepidermal junction.
These cells are identified as Merkel cells by electron microscopy as described below. The Merkel cell always has a vacuolated cytoplasm in paraffin sections.
In epon-embedded sections, some encapsulated nerve endings are observed in the deep part of the Eimer's organ. Myelinated nerve fibers and numerous blood vessels are also seen in the dermis.
B. Electron Microscopic Observations
Nerve fiber
Numerous nerve fibers found in deeper parts of the dermis are mostly myelinated, but they lose their myelin sheath as they approach the epidermis. Unmyelinated nerve fibers surrounded by a thin sheath of Schwann cell cytoplasm are present in the dermis immediately below the epidermis (Fig. 2) . These fibers approach the basement membrane of the epidermis and only naked axons enter the epidermis passing through the intercellular space between adjacent keratinocytes (Fig. 2) . Usually, the Schwann cell cytoplasm dose not extend into the epidermis. The axon itself becomes naked just beneath the base of epidermis. Small cytoplasmic processes of the keratinocytes in the stratum basale extend toward the Schwann cell, but they do not make cotact with the cytoplasm of the Schwann cell. The basement membrane wrapping the Schwann cell cytoplasm fuses with that of the epidermis (Fig. 2) . The axoplasm contains numerous neurofilaments, neurotubules, mitochondria and variably shaped vesicles often having moderately dense cores. In a vertical section the outline of the axon is seen as slightly irregular (Fig. 2) .
Some of the axons proceeding into the epidermis may terminate on the Merkel stratum spinosum and stratum granulosum (Fig. 4) . Such expansions may correspond to the end part or its vicinity of the axon, and contain masses of mitochondria, vacuoles of varying sizes (Fig. 4) . A moderately dense core is occasionally observed in the vesicles. Small spines of expanded axons extend irregularly to the intercellular space.
Sometimes many vesicles are present in these spines (Fig. 4) .
Merkel cells
The Merkel cells are present near the basal portion of Elmer's organ. The cells themselves are much larger and relatively less electron opaque than the adjacent keratinocytes, and their nuclei are lobulated and irregular in shape unlike those of the surrounding epidermal cells (Fig. 5) . Neither Langerhans cells, melanocytes nor agranular dendritic cells could be observed in the snout skin of the mole.
The Merkel cell orients its long axis nearly perpendicular to the plane of the dermoepidermal junction. The cell is characterized by the presence of a large number Moderately dense material is seen in a Golgi sac (arrow). There are many granules varying in density near the Golgi apparatus. Less dense granules may be immature forms. Mitochondria (M), rough-surfaced endoplasmic reticulum, myelin-like figure (MY), numerous fine filaments (F) and free ribosomes are seen in the cytoplasm. A rod-shaped cytoplasmic process (R) extends into the adjacent keratinocyte (K). the cytoplasm (Fig. 5-7) . The electron density of these granules is variable (Fig. 7) .
No specific granules open to the extracellular milieu. The Golgi apparatus of the Merkel cell is usually well developed (Fig. 6) , and is invariably situated in the side of the nucleus away from the surface which makes contact with axon (Fig. 5) contiguous axon (Fig. 7. ) A large number of fine filaments are also seen in the cell (Fig. 7) , each of which is similar in appearance to the tonofilaments of the keratinocytes, but does not form a tight bundle like the tonofibril. The cell surface is mostly smooth, though a few rod-shaped cytoplasmic processes often extend to the intercellular spaces or into the adjacent keratinocyte (Fig. 6) . Desmosomes develop on the cell boundary which borders upon the adjacent keratinocytes, but they are smaller than those found between the keratinocytes (Fig. 5) . The axon lies in very close apposition to the Merkel cell (Fig. 5, 7) . The adjacent plasma membranes of the axon and the Merkel cell are separated by very narrow gap. A large part of the Merkel cell surface is often surrounded by the axon (Fig. 7) . The granules tend to accumulate in the cytoplasmic area facing the associated nerve terminals (Fig. 7) . This polarity of the distribution of specific granules seems to indicate their close functional relation to the nerve terminal. The axon in apposition to the Merkel cell always contains an accumulation of mitochondria and several small vesicles. Most mitochondria in the axon terminals closely abutting on the Merkel cell are large in size, slightly distorted and contain clear matrix (Fig. 7) . These features may suggest the artificial swelling of the mitochondria, because this tendency is not restricted to the organelles in the axon, but also found in those of the Merkel cell itself. (Fig. 8) . Away from the nucleus, the cell cytoplasm becomes flattened and extends cytoplasmic processes. These processes then branch to form the lamellar structure as terminal expansions of their cytoplasm. The terminal portion of the nerve fiber is surrounded by these cytoplasmic processes.
The lamellar cells are usually situated on the lateral surface of the corpuscle and extend their processes which are arranged in concentric lamellae. There are two opposing groups of lamellar processes, one on either side of the central nerve fiber, separated by longitudinally oriented clefts (Fig. 8, 9 ). The cytoplasmic processes of the inner region are thin in comparison to Fig. 8 . An encapsulated ending in the dermis of the mole snout skin. At the center is an axon (A), which is concentrically surrounded by cytoplasmic processes of the lamellar cell (LC), but in the vicinity of the axon they are arranged bilaterally. Therefore two groups of lamellae are separated by a cleft (arrow). Many pinocytotic vesicles are present on the surface of the lamellar cell with a large oval nucleus (N). The cell is surrounded by a basement membrane (Fig. 9) . It is apparent that there is a direct continuity between the central portion of the corpuscle and the connective tissue space outside the corpuscle (Fig. 9) . One characteristic feature of the lamellar cytoplasmic processes is the presence of a number of pinocytotic vesicles which are often filled with moderately dense material (Fig. 8, 9 ). Most of the vesicles are associated with the cell membrane. The lamellar cytoplasmic processes contain scant organelles. Mitochondria, dense bodies, tubular structures and fine filaments are sparsely distributed in the flattened cytoplasm (Fig. 9 ).
Discussion
Various sensory nerve endings have been studied for over a century, yet the basic structure of sensory organs is still a much debated question. The utilization of the electron microscope in recent years has produced a remarkable amount of new Morphologically, the sensory receptors in the skin are classified into four primary groups: 1) free nerve endings both in the epidermis and dermis, 2) Merkel cell-axon complex in the epidermis, 3) palisade nerve endings around the hair follicle, 4) encapsulated nerve endings in the dermis (Pacinian corpuscle, Meissner's corpuscle, etc.). Numerous nerve endings of various types except for those in association with hair follicles are concentrated in a small area of glabrous skin in the snout of the mole.
They may play an important role in direction finding and feeding while the animal is below the surface of the ground and is nearly blind. There are many profusely innervated epidermal thickenings in the glabrous skin of the mole snout as described by ELMER (1871) . This large thickening of the epidermis with the associated rete pegs rich in nerve endings has since been referred to as Eimer's organ.
Myelinated axons approaching the base of the epidermis lose their myelin sheath at the level of the subepidermal basement membrane and enter the epidermis, running through the intercellular spaces between keratinocytes up to the upper level of the stratum spinosum or stratum granulosum, where they slightly expand as they reach the terminal portions. Some of the intraepidermal axons, however, terminate on the Merkel cell which is situated near the base of the rete peg (discussed in detail later with the Merkel cell). When the nerve fiber enters the epidermis, the Schwann cell sheath surrounding the axon is lost near the subepidermal basement membrane. There is a gap between the Schwann cell and the epidermal cells of the stratum basale as seen in the longitudinal section, like the junction between adjacent Schwann cells at a node of Ranvier.
Cross section through Eimer's organ at the level of the stratum spinosum shows one or two central axons surrounded by an array of circumferentially disposed satellite axons. All of them are situated in the intercellular spaces between keratinocytes and are in close contact with the adjacent keratinocyte.
The axon does not penetrate the cytoplasm of the keratinocyte.
It is described by MUNGER (1965) that the intraepidermal axon does not pass through the intercellular space in the snout skin of the opossum, but it rather penetrates the keratinocytes being ensheathed by them. However, we have never seen such findings in the mole. The present observation with the electron microscope reappraised the light microscopic findings of the Eimer's organ of the Europian mole by ARMSTRONG and QUILLIAM (1961) . It is not known whether any of the satellite nerve endings are collaterals of the dermal nerve fiber which is in continuity with the axial terminal (ARMSTRONG and QUILLIAM, 1961) . As a few very thin axon are seen among numerous satellite ones, it is suggested that some of the intraepidermal axons must branch within the epidermis. Expansions of the axon become evident in the upper region of the stratum spinosum and stratum granulosum. Such expansions contain an accumulation of many elongated mitochondria and a large number of vesicles. The latter are variable in some of them.
The function of such numerous mitochondria in these expansions is not known.
Small vesicles in the efferent nerve endings are known to be synaptic vesicles and thought to contain acetylcholine or some other transmitter substance for the synaptic conduction of impulse, but the functional or biochemical nature or those in the afferent endings are unknown.
Another unique property of these intraepidermal nerve fibers is their constant association with the Merkel cell. In paraffin sections the cytoplasm of the Merkel cell is always empty, but the granules can be clearly observed by electron microscopy.
The cell has a large, relatively less opaque cytoplasm and a larger and more irregular nucleus than those of the surrounding keratinocytes. The cell is characterized by the presence of many granules about and surrounded by a smooth limiting membrane. The granules in the mole are less opaque in comparison with those of other mammals (HALATA, 1970; KUROSUMI et al., 1970; SMITH, 1970) and often look like empty vesicles. McGAVRAN (1964) compared the cell with the noradrenaline-containing cell of the adrenal medulla. MUSTAKALLIO and KIISTALA (1967) argued that the granules of the Merkel cell were morphologically indistinguishable from monoamine-storing granules. In an attempt to characterize the granules of the Merkel cell in cats and rats, SMITH (1967) used the fluorescence microscopy technique of Falck, after paraf ormaldehyde exposure of frozen dried sections, but no fluorescence was seen in the Merkel cell. Furthermore, he treated the animals with reserpine, but granules appeared in the same number as in the control, and no changes in the morphology of the granules were recognized. The negative effect of reserpine on the Merkel cell granules (also reported by IGGO, 1968) and the absence of fluorescence by Falck's technique made it unlikely that the granules contained large amounts of serotonin or catecholamines. Indeed, an attractive hypothesis is that the granules of the Merkel cell contain a neurotransmitter substance. There is a tendency that the granules situated more peripherally and nearer to the contiguous axon are more remarkably vesiculated than those situated in the central cytoplasm (KUROSUMI et al., 1969) . Several other sensory receptors also contain granulated cells closely applied to the nerve fiber; for example, chemoreceptor cells of the carotid body (KOSAYASHI and UEHARA, 1970) and those of the glomus body in the pulmonary artery (KNOCHI and SCHMITT, 1963) .
The axon closely associated with the Merkel cell shows a similar accumulation of mitochondria as observed in the free nerve endings. Some vesicles are also scattered sparsely in the axon. Another conspicuous characteristic of the Merkel cell is the presence of rod-shaped cytoplasmic processes extending into the adjacent keratinocytes. It is supposed from a morphological standpoint, that the processes may play a role in receiving mechanical stimulus as a result of their bending or supporting the cell mechanically in relation to the keratinocytes.
Many desmosomes are present between the Merkel cells and the adjacent keratinocytes. This fact suggests that the Merkel cells are of epithelial origin. KURO-SUMI et al. (1969) stated that the Merkel cells might differentiate from undifferentiated basal epidermal cells as a result of induction caused by the innervation of afferent nerve fibers. The function of the Merkel cell is uncertain. However, on the basis of the findings by electron microscopy, it is likely that the cell receives mechanical stimulus and then some chemical transmitter substance may be released to stimulate the associated axon. As a result of this process, mechanical forces are transduced into some chemical forces in the Merkel cell.
Encapsulated nerve endings are present in the dermis of the snout skin of the mole. ARMSTRONG and QUILLIAM (1961) indicated by light microscopy that the cellular ogranization of these encapsulated endings exhibited both certain similarities to and a number of divergences from the pattern typical of the Pacinian corpuscle in the cat. In our observation by electron microscopy, these nerve endings have an ultrastructure similar to the Pacinian corpuscles, but are smaller than those of the mesentery of the cat. The basic similarities between them are the organization of the flattened lamellar cytoplasmic processes and the central axon surrounded by them. It is interesting to consider whether the cells which give rise to the lamellae should be regarded as highly specialized fibroblasts, or they might be specialized Schwann cells. According to PEASE and QUILLIAM (1957) , it seems likely that the lamellar cells are more closely related to the fibroblast, since the cells are associated with collagen which is usually accepted as a connective tissue component.
On the other hand, some investigators (CAUNA and ROSS, 1960; CORDIER, 1960; PATRIZI and MUNGER, 1965; PEASE and PALLIE, 1959) regarded the lamellar cell as the specialized modification of the Schwann cell, since the cell has a prominent basement membrane and is similar to the Schwann cell in its internal structure as well as its morphological relationship to the axons. The author agrees with the latter concept, because the lamellar cell is similar to the Schwann cell morphologically and also we observed that the lamellar cells in Meissner's corpuscle of the mouse rapidly degenerate after denervation (SUZUKI andK UROSUMI, unpublished). The characteristic feature of the flattened lamellar cytoplasm is the abundance of pinocytotic vesicles. PATRIZI and MUNGER (1965) indicated that these pinocytotic vesicles could control the movement of ions around the nerve fiber. There are always clefts in the central region of the corpuscle. As for the function of these clefts, PEASE and QUILLIAM (1957) described that the clefts in the corpuscle might serve as a metabolic route, communicating on one hand with the connective tissue space outside the corpuscle, and on the other hand, bringing nutritive material into close approximation to the nerve itself.
They also described that the presence of these clefts is an important feature of Pacinian corpuscle from a metabolic point of view, and at least clarified the problem how the nerve could be maintained and remained so active. The Pacinian corpuscle is generally presumed to be a pressure receptor.
The arrangement of the flattened cytoplasmic lamellae suggests that externally applied pressure would be transmitted uniformly to the whole surface of the central axon (PEASE and QUILLIAM, 1957) .
The common basic similarity among the three types of nerve endings is the accumulation of mitochondria and numerous vesicles in the axon. Mitochondria are more richly accumulated in the intraepidermal nerve endings and in the axons associated with the Merkel cell than those of encapsulated nerve endings.
On the other hand, the vesicles are most abundant in the intraepidermal axons among the three types of nerve endings.
Some of the vesicles in such afferent axons contain moderately dense cores. The chemical nature of the content of these vesicles is unknown, but it is possible that the vesicles may contain some neural transmitter substance. Both masses of mitochondria and the vesicles in the axons are also observed in those of several other sensory receptors: for example, chemoreceptor cells of the carotid body (KOBAYASHI and UEHARA, 1970) and sensory nerve endings of the muscle spindle (UEHARA and HAMA, 1965; ADAL, 1969) . On this basis it is possible that there may be a common mechanism of action in transducing the stimulus from either chemical or mechanical to the electrical excitation by ion flux through the axolemma.
